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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a MOS field-effect transistor for preventing a 
minute-line effect generated in process. 
SOLUTION: A titanium silicide layer 21c is formed on an 
upper face 13a of a gate electrode 13 in such a state 
that the top parts 33a and 33b of the first parts 31a and 
31b of the ^e^alls 41a and 41b are located at a 
position lowerthan the upper face 1 3a of the gate 
electrode 13. Then, a titanium silicide layer 21c of the 
upper surface 1 3a of the gate electrode 1 3 can be 
prevented from being connected with the sidewalls 41a 
and 41b in the titanium silicide layer 21c formation step. 
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flMiEv"j -t^-f K^ff^/^fexfid, mmy—^yFi^^ym 

ML, 

(0 0 0 1 1 
[0002] 

[^^^*^:foJ:C5li^;55iS^Li:9 <i:i--5^M] MO S 
(Metal Oxide Semiconductor) M^^^ h "7 >^ 

rn6(7:>4g^^Ttt\ MO S^lft^^ 
[0 0 0 3] LTi^L. id^o.jis^^c< urc^-^, ^^^'^ 

10 0 0 4] fi^'^^m^±-r^j^mt. 7Xo:>xo{:inK. 

^:>tiOo ^^>iyV-^'< K(c{i. ^iim^a (.1 0 0 Q • c 
m^m) (^r^^Bmm: (zHit. rc4 9f^itj tm-^^ 

5) t. (gllgfet ( 1 5 Q • cm^;^) oy^^^mm (Zn 
T, iffi^r. M\&^o:>'^^amiM (C4 9Pit) 4 00 

(^n^^Bmi^ {c o 4hn'xm it. ? o o-s o o'^c^;^ 

50 -ToiC L/tl/f^o-C. riift£i/LC/)iii^,|l,f^Jt/>^ti.akM^>L(/)^j^^ 
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teta^B^ t ii5ffi^lSB^(?)tt ^0^5*1 <b o ^ ;55>c^ < o T 

[0 0 0 5] :^mmo-)^^{t. mm^^^mi-r^zt 

[0 0 0 6 J 

oJ:o{c^ ftulEi^-< K'^^;*— -/u^/^smiite^^^fj^fife 

[0 0 0 71 ^^mic/)^/}-^^mi;^'^m:(Dm^:^f^\z^ 
^rJc^n^, ^^^^^ -9-^ KSff^/sJtX^icioi^T. 

(0 00 91 i?^na'>;/jili//>flJIMlc^>:6(i 
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<!:o/^;)S(b;:ci^cl: ^^^(C75^;^>6 4^2^ 

lo 0 1 0] 'rfj:t>h. ^^mi,c/)^f)^^^mt^mm:(Dm 

[0 0 1 1 ) JL^±(7)^d^(c:j: «9 . :$:M^(C;6-;5^^^a^^ 

20 xhti{:£. ^^m{z:f)>t}-^^mi^mM:<Dmm:^m^m^^ 
^ztf,cj:K>. mm^^(D^±%:nm'r^zt/i'-x^ 

[0 0 12] ^^^l^z^^t)-^^^mi^mm:(Dm^y7 

tSi^^fz-rm^x^^, UTizxx< ^y-p^y 
[0 0 13] (2) ^mmu. =^>^^m^^tj^^ 

tiY-i>m.m(7-)±mz^ ±um^mftii^^j:^t. mtz 

^^^ioJ:OJSutS±^^^M9 9(c. R^JlS-t^-r K'J'::^- 
m^mo xo{z^ mm-^^-c h'^:t—yi^t^j:^m2mmm 
^mf^^^i:mt. m^d.mi^j:v^m^m2^mm^^ 

•y^^y-r^ztiz^^ ^ mm'f~hmm(r^mm^3^xj^ 

i^'ift. mm2mm^^^um2Ui^t. ^m:t. 

-t^xmt. midmi^''?^^^'7^^{c[^.^-r^zt{zx 

' m^ittm^zi-^iyxf^t. m^Y- \-m^o^±mzm-i^'> 
(bo I 4] ^^m{z/j^yj^;h^^ni^mm<ym)^ijfi:{zx 
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10 0 15] ^7t, -y^^mizyj^yj^^^min^momik:^ 

[0 0 1 6 1 i^-r KC>;*- — /K7)^@(7) — Oii. hM 

[0 0 17] ^mmzt-i}-:b^m^m^<Dm:mifmz^ 

r\ 1^^ K^^^— /^<7)|?l:foJ:a^m2S^5><7)11S^5^^'^^- 
[0 0 18] m2^5><7)ri^^y-- h'm\^<D±,mt(D^ 

^(Omtl^X. 2 0 0-- 1 5 0 0;d->>/^ S n — 

J^otiior'^So Si$<7)ii/j>i 5oo^>ir>^ h 

1 5 0 O^V-i/;^ hcz-Al^T/c<^, M:^(7)li:^ 
(00191 — mi^o:>^f)'^2 0 0 -/t->i^-x h o — a 

(0 0 2 0] ±.umomu^mm't^Dzt{:Lx.n ^ m2 
^^'7^(/mBty- hm.m(/:^±^t(/:>m^(/:^m^i:mmx^ 
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[0 0 2 1 J ±umt Lxmj^^n^^m^^ y-hm. 

i)-'^^f^^k\.h^ ^<7)v^!;f->< KScoff^fiJtButc, y-hm 

10 0 2 2] r(7)^f4=^Tll/z-r*t*4>: LTf^. 0»Jx.li\ 
[0 0 2 3] ^^qg{C75^;!>^6^?g^^^c?)iilit:;^ 

(0 0 2 4] (1) ^ (2) T'lftP^Lfc:^^0^(C 

>m<tm^^t^. iz-r^zt^'-xt^^ 
20 10 0 2 5] ^fc. m^mi'^mm\t.. >>y 

^^i^. ^z-Thztt'^x^^, 
[0 0 2 6] i^')^>mitmktvymx^.^x^. '>y 
^^^itm^^m^j i^mx^.^x^^, oi^. '>y=2v 

^fb^i: C/y n^/^fl^^^fj:^ :j^y^:y^(Dm 

[0 0 2 7] (3) v^-hHli, y-:^/K 

L^-rvni^. v'y1^^ v^'M^^xi-^^ v^it-;i^^m 

M2(7)^57^i(7)ra1{cfegL. sfjIS^l C')^5^CO]I^{j:, 

[0 0 2 8 ] ^M^(C7!i^;^^6^i^f^i^^(Ci:n(i*, 
(SJ'^a^ic^j^o Z<nfzi^y^ ^>y Kff$fifexmtcfcl^ 

^0 tr>ts:fy>h^j:\^^^o{z^^ztf}'-X^^o-)X'. m^^W: 

o^^^^nm-r^ztf)-x^^, 

w >7)^r'^5., -r/j:;b^, ^5§a.^(i. ftiicv> y 
< K®^fM;t, flMfeft!l<7>^/y i/"^ KUd, y — x/Ku 

^ >mM.b{z{tLmL. flMf£^2</)^;i9-(/)rfsr>ft, Hfjiey 

[0 0 3 0] ::c^)ft!|fitc^^n;t/*c5tc?fen^;c>V/;^5^l^f^^ 
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[0 0 3 1 ] 

ig) ^3 (c) ti, :^^m(nmi-mmmm^c^-f)-hMo 

mill 3. n*§Jy->;^iSi 5 aioiU^n*^ KU'^>' 

[0 0 3 21 pS^v-y ^Vg^l lO^cEtCf^. 
)12 7 a ^^^:9-RI^^2 7 b <tr-S^^tL5^^-Jf^ 

(0 0 3 31 1 3 m^mjf^Lm^ 2 9 ji 

-i^- ^^fe8iS2 3S:^LTfe§Lri/>6, 
Sl3fi. 'i^y ^>^;ivP,/^^^ y-h*fe||^^2 3 

[0 0 3 41 y-VmMl 3C0±® 1 3 a^Sjit/fRrai 
3 b(C(i, ^^>^>^I;-!^>f K® 2 1 ctHtLm:l.x\.-^, 

mm 1 3 b {cteg-r^^^ y i^-r Kit 2 1 c (T^ii:;^*^ 

^J;tfl\ 6 0 nm^-r^i:. ±® 1 3 a tCfeil-r^ 
y 1^^ 2 1 c (7)I?.?;^fi, 1^ 1 8 0 n m <!: Tte 

5o iftjffi i 3 b {c&g-r^f"^ y i^^f 

2 1 c ±® 1 3 atcfigi-^^^^v-y 

>'>yi^>r K/i^s. '5^~-hS^i<75jiffitcteii-f6Sis5^o 
[0 0 3 51 n*my-p^mmi 5 afi, 

5 a ^rJ^XT^v^/g >m^ \ 5 a 1 ^e;trt^6o 
n^Siy — 5 a ^ ^ V'v' y 2 

1 a ;^^fegLr^.^6o 

[0 0 3 6] n*SiKU^>Mi^l 5 bli. 
$t® 2 7 b <l:y- h^l® 1 3 (i:0')fBTT-ibor. /j^Op^ 
'>y IF^iCfii^L-Cl^^o n*^KU-r>^f 

ifiJcl 5 b(i, :^^X7^>>'3 V^Iigcl 5 b I ^f^x.ri^ 
6. n*^ KU^>?IJ^i 5 b±(C(i. f^^>">yi^^ 
K^2 1 b;^^74:llLTi^5. 

[0 0 3 7 ] hUf^ I 3c/)-;f7C/>fR«l[m l 3 b {CJl. 

4 1 a fi. |g I gIJ5> 3 1 a 4o J; O'^ 2U9f3 7 n ^Itm^. 
5o ^ I ^^7>3 I a (i. ^ 2 ^5 ^7^3 7 a t hitf^ l 
3 >c/)r«1iC(5:^Lri^^. ^lgfi^.>3 J a(/)r|fRl5 3 3 n 

{.■t» y— I 3 t/:)±un I 3 a .J: '0 K{cfi2:ag u ^ 
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6, 1^1 ^^3 I a fi>y 

^2gI55^3 7 a (7)11^3 9 a ti. h mi^ 1 3 </:>±ira 

1 3 a tw\cm&o:>m^{ci<imLx\,^^, m2^i^3 1 

(0 0 3 81 VW^ \ ^o:>{^^<r>wm\ 3 bicit, 
-y--f K'>>^— /U4 1 b;?)n5:^Lr</^5c K'^v^-/^ 
4 1 b*:i. ^ 1 g|55^3 1 b^iJct 05^2 355^3 7 b $r(i;t 
6o ^1^5^ 3 1 bfi. m2^^3 7 b <ty- hm^l 
3 <i:(;)r«Hcf4^Lri/^^, M i ^5^3 i b coilgp 3 3 b 
70 'J^— H^^l 3(7)±ffil 3 a J:»9T(c:f5^^Lri/^ 

5o »1 95^3 1 bflv-y n^mft:®;!).^,/^^^ 
II2^5>3 7 b011*B3 9 b(l. y-hmiH3(50±S 
1 3 a (tfelU^^cOr^^tCfigLrv^^, M 2 3 7 

(0 0 3 91 Mosm#';5^^h^>c;^;^^ licjii^^^i: 

^~/U'4 1 a (7)11 1^53- 3 1 a (7)1195 3 3 a (1. y— h 
H^l 3(0±® 1 3 a J: «9f£l^{>£g{C^5. *fc. -y-^ 
20 K^>:^— /U4 1 b (7)^1 95^ 3 1 b (7)lSgi5 3 3 b ti. ^ 

-h^ffii 3(7)jbffii 3 a J:l^)ig:^/^-laBtc:*>-5o w<7)fc 

3cO±® 1 3 a(7:>^i?>>'y if^ K^2 1 ct^^^ 
/U4 1a. 4 1 b ^o/^^Jstb^^^V^Jz^fCi-^r^Tis 

::<7)^^mtTm0>^'ra^2^«fl^«iTt>i^;t'5 
[0 0 4 01 -os^u^^-r^o Mosmsa^h^v 

v^^^^lfl. '>y ='V^ft:e;!).(b/^5^lSR5^3 1 a^ 
30 ^l;trl^^o Ml955^3 1afi, y-hm^l3^^2 
955^3 7 a ^OP„1, :i3XZ^^^ :^T>iy3 >mmi 5 a 
1 <tm2 955^3 7 a <^(7)rBl(c:, {igLr(/>5, ^19553^ 

3 1 a A^±ie{5^M(c«^M^nri>5(7)r% ^^^^'>y-y- 

KJ12 1 a (!:M2SFB5>3 7 a , *Dj:t>\ ^<?>->!;i^ 
K^2 1 c <t^2^5>3 7 a ^ 1 9555^ 3 1 a 

^^-^S^ix-So H 1 9^5^3 1 a fiv-'; 13 >^ft:^/;.^,/j; 
6, '>y ^>'M{t:^±T'{i. ^^y'>y -y-^ KiiTi^fijc^ 

^ K'>^-/u4 1 a ±r'. ^^J^y-v^y-y-^ K^2 l a 

^0 ^^^v- y-y-'f Kg 2 1 c i:;!i^o/^;^iS6, t^;b^-5r y 

y^j]^{tmxm.m-r^m2mmf^mxh^':t^zt 

(0 0 4 1 1 fs^^s. m I ^»f$ftgT'ft, M I 3 I 
a , 3 1 b /J^ -> y =i>mitm X\h . m2 0r,f> 3 7a, 
3 7 b/-5->y n >g^ft^X'cto6, ?g I 3 la, 31 

b .r^ •> y ^ >ff?e(t®-e^ ^; . 2 91^7^ 3 7 a , 3 7b Xj» 
> 'J ^>^f(r:/lr'^ J:l^, -(7>i i:(t. f^r'i^tfyi^5..?fi 
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[0 04 21 ir'y-^ y^omm-^m) (o \z9f^^ 

[0 0 4 31 (gi (A) tCTj^^J: p^i^V =^>m 

mi 1 (c. mj-'Ami&mm 2 7a. 27b ^A^^t- 5, 

^^5>^tlfe|i^^ 27a. 27bfCj:*9. ^^ff^/ifeMi|c 2 

9f)mm^tl^o /^ib\ 2 7 a . 2 7b 

<7>^f^^;^&<b LTfl, LOCOS (local oxid 

at ion of silicon) ^fe, *ir5:yir;^LOCOSi£, '>i- 

[0 0 4 4] 0ij;tj^. m^mit^cx^. m^w^^m^2 9 
y ^ i^mitm 4 3 ^jf^^^^. «j 1:1 -^mitm 4 3 ± 

[0 0 4 511111 (B) iZTjt-t^O^Z^ jf.V ^>^J 

(0 0 4 61 ^-hm^i 3^x.xj^m^i^m^&mm2 7 

a. 2 7 b^^Xi^^i ur. pMv-y 

5 a l*5<ta«n*^KW-Y>'®iSl 5 b (7)a: ^ ;:^7->'i>. 

3 5 b 1 ^mf^-r^o 

[ 0 0 4 7 1 nil (C) iCTF-r J: 0 {C, p ^v- y ri >g 

itm 3 1 >-y >mitm 3 1 coi^;^^ti, 0*1 

3 0 0— 1 0 0 o^rv^;^ h ci~AT'^6. '>y 

='>Mfb^3 1 <7:>m^i^^^ 1 0 0 0;^>^-x h CI — AJ^T 

<7)^*^ife0^^6. '>y =i>^fb^3 l6o/i:p^7I)^^#-r 
^''5ct. ^>y ^v^/b/ls iioJ:t/(7)i/f; i3>f${[;:^3 

7 /}^hf£^mom^/y^x^ < f^^, ztucx^. mos 
'^<7-yx\ oNmm-mtnz< </j:^^ zo:^^^^ MOS 

'^mtms 1 (/W^;^^ 1 0 0 0^>^'^ h a-Aj^TT'i . 
[0 0 4 8] V- y :3 >m.itm 3 1 C)!!:;^;.;^^ 3 0 0 

o:>m^/)'^^h^-t^-^ot. st^-i k-^^- 

/n:/:)|^2^^3 7 a . 3 7b (MS (C) ^c/M^Jji 
r«1;^q^< ZoYni^m^ ^ ^ > ^> 'J i^^ K/f 2 

1 c/J^•t^^ -^-/UC/)^2^5>3>7 a . 37 b > o/c 
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^^^^^m<'-^^i±^mif)^zt/i-v^^<7:>x^^^ 

[0 0 4 9] 7X{Z^ ^>Mft:S3 1±{C. ^••ix.Ji', 

y :/feft:e 3 7 <Dm^\t. m:tii^. 300-1000 

Thv^rx h czr-^-c^^, •> y ^ vgtfb^ 3 7 co/i:;^^ 

^ 0 0 0:^1^^^^ hn--j^\:j,Tcom^^mn't^o vy 
^'^'ilft:® 3 7(7)iiP>.7!iS:^^-f ^-5^^ i^y^^v^ffc:® 

3 1 ^xt/i^^j =i>mitm3 7 f)^ht^^m(Dw^fi'^±^ 

mi\:r-mtif£<fj:^^ ^> y ^ 3 7 co/f:^;^^ 1 0 

(0 0 5 01 > y ^ >mitm 3 7 (Df^^t*^ 300 

X hn-^Ai^±<7)^^^UiP^-f V- y >^{fc:® 3 7 
(Dl?;Z;LXl5/h^t-r5<l:. -y-^ K'^;f-/K7)^2^5^3 7 
a. 3 7 b;JSi?^^r*t/«C< ?:f5o v'y ^>^ffc:® 3 7C7) 

li:<?^;)^3 0 0:?h>^j^x h □ — Ai^±fc<t. :L(r>Xoti:^ 

20 ^^\p5<'^m\^^mib^ztfi*^xt^(^ox$,^^ 

[0 05 111^2 (A) (CTKi-J: 9tc. lyV^i^mitm 

^ 7 ^^m^^^y^i^^f-r^ztkzx^ . ^—\-mMi3 

<Dmmi 3h{Z^ •y'-f K«^;t-/K7)^2^5>3 7 a . 3 
Th^mm-r^^ ^2^55^3 7 aCOHgRS 9 a . ^ 2 
5>3 7 bC0Tlgi5 3 9 bfl. ^tU^'tt. y-hli:^l3<75 

-h® 1 3 a <bf5li:^;^CO,^${C$>5, y n 

[0 0 5 21 112 (B) \z7fk^xo\z^ i^v ^^-mitm 

30 3 l^^m^^y^l^^i-^ztiZX^ ^ ^'~hm^l3 
<7)fl!JSl 3 bfd, Kr>^— ,K75^1ffl55^3 1 a , 3 

1 b ^m^^i-^^ m I u^7^3 1 a (Dm^3 3a, mi^ 
5^3 1 b (7)11^3 3 bfi. -^n-e^n. \>mmi 3o:> 

±^l 3 a tmcm^o:>m^{zh^. f^:^^ iy^J^i^m. 

\tm3 i^±m:^^y^>^-r^:>3mt\^x{-x. mz.\-i. 

[0 0 5 31 Ml ^5^3 1 e.^XXfm2U9f3 7 a r% 

•y-'Y K•>:;^-/^4 1 a7)5^fijc^^x5, -^tz. mim.i^3 
1 b4oj:a^'m2^^3 7 b.T', -y-^r f^^-^i^a i b/>- 
to mt^^n^, 

(0 0 5 41 Hi 2 (C) {C.i^f y-hmSl 

3. K'>^-/u4 la, 4 1 b xv^m^^'T^nmm 

m27a. 2 7 b^-^y.^ tLX. ^ :t > j^A{Z X ^) n 
(f^j;t(i\ t:m) pfl^v- y i3>S|£ 1 KX) 

(0 0 5 51 IE! 3 (A) {z.T^-rx')iz^ m;tit. mv > 

I b ':^sn5->fi<Kciyi^i^t-5.. zJtiizx n . \m3 3a, 3 
r> 3 b (i, h ?{H^ I 3 (/) j-lin I 3 a J; ^) T'sZiicm-]' 



-6- 



// 

i^X m2^^^3 7a, 3 7 bc7nig!J3 9 a . 3 9 b (7)i^ 

^(i. H^^li 3(7:)±® 1 3 acoi^$<[:t5t^f^i::S 

[0 0 5 6] /^jb\ ^ia55>3 1 a, 3 1 bOW^;5?'> 
y:^>^ll:^c!:L7ti^^. ^1^^3 1 a. 3 1 b CO^ 

(0 0 5 7] 1^3 (B) ^.J;t(i\ 

2 0 0-40 OtI-V^;^ |. n-^^^^^^P 2 1 ^ff^^g 

1 0 0 — 5 0 0;?|->irx h AOf^iJ^^ 
h^-r (UliT^iJrT) ^ff^^^^, ^^>^'f-^ h 
^-r K®$r?F^^f SS^fi, Jl^T<7)^i5 9-e^>5. y 

[0 0 5 8] ^Lr. (C) {C^t-J:9{C, 

Ji2 i*5j:ac^>5r>.^Y vmtmf^^fhtL^y^)^ 

mi(Dm^mi^. m^i-i. 6 5 0'-7 5ox:t\ 3 
0-6 o#(D^f4=r-fT9o mKomMmicx.^ . 

y 2 1 a . 2 1b. 21c ^mf&^tl^, ^ 

C0«i^ll^t-5o m2(7>^Ajl^Ji, 0ijx.fi\ 8 0 0-8 

5ot:r% 3 0-6 o^j.^co^f^t'fT^. M2(7:)^^gi(- 

^^^'i^y f-^ Kli2 1 a.. 2 .1 b. 2 1 cr- 
f0 0 5 9] 1U±(CJ:I9, MOS@#5^m h^Vv^x^ 

i/65^;*^6, 

[0 0 6 0] ^fcfc. ±l^mm:^mc^^z.-D<D^mfj:yJ] 

[00 6 1] ±fei^it;^fi(cj:n(t\ ^^>^>V^^F . 

5. -ttSi^lb. mZ (B) :foJ:(>'II]3 (C) (C^-Tefc^ 
f^. 1^^ K'>^-/U4 1 a . 4 I b(/),^ 1 ^^3 1 a . 
3 I bomUZ 3a. 3 3 b'5r. y- Mifl 1 3 c'^i® 

1 3 a ^^\^\.HtLm^z\^rz^mx\ ^-hmr^i. 3(7:>± 

cSJl 3 a (C5^^>v-yi^^ K^2 1 c tr/F^fiicLri^o. 

■C. V— h-^jig I 3 o^Aim 1 3 a 5^ > > 'j -^/-^ 

2 1 c(t, 1^^ K,^^-,u4 1 ^ _^ , ^o/c/j-ior 
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[0 0 6 2 J f^^^ ^^>^/y K®2 1 cc7)i^^ 
^-/i^4ia. 4 1 b<^:g§J^Lrv^5. ±ISOJ:p{c. 

y- ^miiii 3(7)fifj® 1 3 hkzitLm-r^^^ >i^^)-f^ 

2 1 c c7)/i:;^{j:, /.^^ K^i^ i 3 ^j-^ ^ 3 ^ j.^^ 
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